ABSTRACT
INTRODUCTION
Wheat flour Is a major source of protein in the diet of humans and of livestock. The most abundant grain proteins are the storage proteins, termed gliadins and glutenins, which are deposited in the developing endosperm 2-3 weeks after fertilization (1) . These proteins are important in determining the nutritive and baking properties of wheat flour. The gliadins are a complex, heterogeneous family of proteins, encoded by six, probably multigene loci on horaoeologous group 1 and group 6 chromosomes (2). They are classified as prolamins on the basis of their solubility In alcohol. They resemble the prolamins of other Gramlneae in their unusual amino acid composition, being rich in proline and glutamine but poor in charged amino acids, especially lyslne and tryptophan.
Because of their low net charge the gliadins can be fractionated by electrophoresis at low pH. They have been subdivided into four groups, a, B, y and u, based on their mobility in aluminium lactate gels at pH 3.1 (2) . The physical properties of gliadins make purification of individual protein components a difficult task. This factor and the unusual amino acid composition of the proteins has hindered the determination of protein sequence, which is mainly restricted to short amino terminal stretches (3) . This paper describes the production of a cDNA bank from the developing endosperm of a homozygous, genetically characterized wheat variety (Chinese Spring). Clones from the bank have been shown to be complementary to mRNAs coding for a, 6 and y gliadins. These clones are being used to further classify genes for gliadin polypeptides on the basis of sequence and genonlc location.
MATERIALS AND METHODS

Plant material
Developing endosperms were isolated from ears of field-grown wheat, var. Chinese Spring, at 2-3 weeks post-anthesis, using a previously published method (4) . Shoot RNA was isolated from 4-day old etiolated shoot tips of 'Chinese Spring' wheat. The material was stored at -80'C until required. 
Characterization of translation products
In vitro translation products were alkylated and incubated in SDSmercaptoethanol-urea as described by Forde et_ al. (6) prior to analysis on 12.531 polyacrylamide gels. The loading buffer contained 2 M urea and 4 mM DTT (6) . After electrophoresls the gel was fixed and stained in 0.02* Coomassie blue R (Sigma), 5Z ethanol, and bX TCA. The radioactive polypeptides were visualised by fluorography (7) . In some cases the in vitro translation products were extracted with 55Z aqueous isopropanol containing 0.1Z
DTT, alkylated with 5-vinylpyridine and then precipated with IX (w/v) lithium chloride, using 10 \% wheat gliadins as carriers.
C-labelling of gliadins 1 mg of total gliadin extracted fron var. Chinese Spring defatted flour (8) was labelled with 25 uCi 1 '*C-lodoacetic acid (Ameraham) 40 mCl/mmol as described by (9) . Ca. 70000 cpm were loaded on a gel for a 1-2 days exposure.
Construction of cDNA clones
First and second strand synthesis
The synthesis of double stranded cDNA followed the method described by (10 P-dATP, in order to follow the reaction. This reaction was incubated for 3 hours at 22°C and then extracted with phenol and chloroform. The aqueous phase was desalted over a 1 ml Sephadex G-50-fine column in 20 mM NaCl, 10 mM Tris pH 8.5.
S i nuclease digestion
The excluded fractions from the Sephadex column were adjusted to S j buffer (300 nM NaCl, 30 nM Na-acetate, pH 4.5 and 3 rail ZnCl 2 ). Double strand- by fractionating PstI digests on 6Z polyacrylamide gels (15) and recovery according to Maxam and Gilbert (1977) or from low gelling temperature agarose gels (17) . The DNA fragments were labelled with a- 
Preparation of plasmid DNAs
Plasmids were prepared as single colony lysates (19) or by CsCl-ethidlum bromide centrlfugation of Triton lysates (20) .
Filter hybridizations
Plasraid DtJA samples were transferred to nitrocellulose according to (21) . Hybridizations were performed at 65°C in 2xSSC, 10 x Denhardt's solution (22) . Filters were washed in 2xSSC, 0.11 SLS at 65°C, unless otherwise indicated.
RESULTS
Isolation of mRNA and analysis of In vitro translation products
Before proceeding to the synthesis of a cDNA bank of clones it was necessary to isolate mRNA from endosperm tissue actively synthesizing storage proteins and to characterise the RNA. (1) with lysine only. Lane (f) shows the isopropanol-soluble translation products. In lane (e) and (h) no RNA was used and labelled proline/leucine and lysine supplied respectively. Lane (k) shows C-labelled authentic gliadins. '"fc-size marker proteins were separated in lanes (a) and (1).
was translated, the pattern of the in vitro translation products did not show significant differences (Fig. lm,n) , indicating that the abundant mRNA populations present at that early developmental stage are similar to those extracted 20 days after anthesis.
The polypeptides synthesized in vitro ranged from 10-100 KD in size, with many prominent products (Fig. 1) . Because of the difficulty of matching stained gels with autoradiographs, gliadins labelled in vitro with 't-iodoacetate were used as a reference to Indicate the electrophoretlc mobility of (Fig. li) , although after the gel had been exposed for two weeks, radioactivity could also be detected in higher molecular weight proteins comigratlng with polypeptides which had incorporated proline and leucine.
Since cereal prolamins are soluble in 55Z isopropanol (23) The inserts were labelled with T" by nick translation and hybridized to the selected clones to identify sets of related sequences. Clones within the overlaps hybridized to more than one probe. Only those clones which were examined further in the present study are indicated by their numbers, the remainder are identified by symbols representing the cross hybridization they show to endosperm poly(A) RNA from related cereals. In order to classify the cloned DNAs into sequence-related groups, the bank was also screened with T'-labelled polyA" 1 " RNA purified from the endosperm of cereal species related to wheat. These results are described in detail elsewhere (24) . They enabled us to select three clones each representing a distinct sequence group. One clone hybridized to barley RNA in addition to wheat RNA, one to rye RNA in addition to wheat RNA and one to wheat RNA only. The bank was then probed with excised, T'-labelled inserts The hybridization between members of the three groups was generally much less than within the group. Restriction enzyme maps were constructed for two clones, pTag64 and pTag544. These clones, which have 800 and 920 base pairs long inserts respectively, showed some cross-hybridization but had no common restriction fragments. The restriction enzyme map of pTag544 is shown in Fig. 5 . The fragment indicated Alu-3 from pTag544 was subcloned into Ml3 mp9
for hybrid arrested (HART) and hybrid release translation (HRT) analyses.
Clones from the major hybridization groups in the Venn Diagram were used in hybridizations to mRNA, size-fractionated on agarose-urea gels and in hybrid release or arrest translation in order to determine the coding properties.
Identification of cDNA clones by hybrid-selected translation cDNA clones representing different hybridisation groups were used to determine their coding potential. Three clones, pTag24, 38 and 544 were subjected to hybrid-selected translation (6) . The results are shown in Fig.   3 . pTag24 gave translation products in the crf-0-glladin region, with some evidence of smaller products, possibly artefacts. pTag38 gave translation products In the same region, but in addition there was strong hybridization to RNA encoding low molecular weight proteins. A sub-clone of pTag544 in M13mp8 containing Alu~3 (Fig. 5 ) was used for both hybrid-release and hybrid arrest experiments. In the hybrid arrest sample (Fig. 3A,h ) two bands which comigrate with major polypeptldes in the "f-gliadin region were absent; these polypeptides were synthesized when the hybrids were dissociated by boiling (Fig. 3A,g ). These bands were also visible in the translation products of RNA released from this DNA in a hybrid-release sample (Fig. 3A,c) . A hybrid-release sample obtained from plasmid pTag544 gave a similar result.
The polypeptlde products were further characterized by extraction with 55X lsopropanol (Fig. 3A,d ). This solvent extracts the high-molecular-welght products in the f-glladin region, but fails to extract the fainter bands of lower molecular weight. This may indicate that the signal in this region present in the unextracted sample is due to incomplete products of synthesis which are not extracted from polysomes. hybrid-release product, for pTag544 is 1400 nucleotides and for pTag24 is 1250 nucleotides. These estimates allow for 150-200 nucleotides of noncoding sequence. The largest hybrid-release product of pTag38 is apparently 40KD giving a minimum coding length of 1000 nucleotides. However the heterogeneity of the products encoded for in the hybrid selection translation is not reflected in different mRNA size classes.
The cDNA insert in pTag544 was sequenced by the chemical (16) method.
The DNA sequence is presented in Fig. 6 . The predicted reading frame, which
gives an amino acid composition similar to that for fgliadln, is given above the DNA sequence. The sequence shows substantial homology with that obtained (2-fr-mercaptoethanol and dithiothreitol (DTT)).
These techniques have also been used to identify hordein polypeptides in the translation products of barley endosperm polyA + RNA (6, 26) . We have also shown that these in vitro translation products can be imnunoprecipitated with antibodies raised to gliadin fractions (Bartels, Thompson and Ciclitira, in preparation).
Other workers have reported the In vitro synthesis of glladln-llke proteins (27) , (28) . The sizes and properties of the products described here are very similar to these reports. We attribute slight differences between the sire estimates to the use of different wheat varieties and different gel systems in fractlonation of the proteins.
Okita and Greene (27) and Donovan ^t _a_l. (28) found that the in vitro translation products are larger than the corresponding in vivo proteins and suggested this is due to the presence of short additional signal peptldes not cleaved off in the wheatgerm translation system. We also do not see exact correspondence between in vitro synthesized polypeptides and those extracted from the grain. Because of the complexity of the product profile and the practical difficulty of aligning precisely the stained proteins with the translation products which are visualized by fluorography, we feel that further evidence for the presence of a signal sequence for each polypeptide is still necessary.
Characterization of cloned sequences
The properties of the cDNA clones obtained indicate that the glladins are synthesized from families of related genes. Sequence homologies within the cDNA bank were detected by two experiments. Firstly the clones were hybridized with polyA + RNA from the endosperms of related cereals (24) and secondly selected clone inserts were hybridized to the clone bank. This data is summarized in the Venn Diagram (Fig. 2 ).
Both approaches indicated that a number of families of related sequences had been cloned. Three major sequence-related groups were identified, by clones 64, 53 and 544.
The 64 group hybridized strongly to rye polyA + endosperm RNA and some members weakly to barley, the 544 group hybridized strongly to barley polyA + endosperm RNA, whereas the 53 group only shared homology with the wheat diploid species T. monococcum. An additional discrete hybridization group was defined by pTagl290 insert. Clones In this group hybridized to rye and barley polyA + endosperm RNA.
All clones tested by hybrid-release translation were complementary to mRNAs coding for more than one polypeptide. pTag24, 38 and 53 were complementary to mRNA for polypeptides in the aj 0-gliadin region. pTag544, which has sequence homology with barley hordein cDNA clone pC179 (6), was complementary to mRNA for polypeptides in the fgliacUn region. Further analysis of the hybrid selected translation products is necessary In order to give a final alignment to In vivo synthesized proteins.
None of the clones examined selected mRNA for polypeptldes In the w-gliadin region.
The determined cDNA sequence of pTag544 extends 219 residues into the coding sequence. The corresponding mRNA was estimated by hybridization analysis to be approximately 1400 bases in length (Fig. 4) , therefore the cDNA clone stops approximately 300 bases or 100 amino acid residues from the amino terminus. The amino acid composition of the region sequenced is similar to that determined for gliadins (1) clones, we conclude that more than one mRNA is present within one size class.
Six major genetic loci for the gliadins have been described using 2-dimensional electrophoresis of proteins from aneuploid lines (8) . The translation products of mRNA from these lines are currently being used to assign the polypeptides synthesized In vitro to individual chromosomes, and to further classify the cloned sequences. This may provide more information about the homology between the glladln loci and also about the homology between glladln loci and genes In related cereals. The glladln cDNA sequences Identified also allow us to inspect glladln gene number and organization in the wheat genome, and provide probes for the isolation of the DMA sequences which conprise the complex loci.
